A growing number of households are not reachable through traditional directory-based samples, which can have important implications for the representativeness of telephone surveys. The current study aims to investigate the demographic differences between households which have their telephone numbers listed or not listed in the Australian White Pages telephone directory. A total of 5,023 eligible Australian residents who were currently in paid employment participated in this study. Each respondent's telephone number was individually matched to the residential White Pages to determine its listed status, and demographic variables were compared between those with a listed and unlisted telephone number. Those with an unlisted number were significantly more likely to be younger, to have been born in a country outside of Australia, and to live in a lower socioeconomic area than those who were listed in the White Pages. These demographic differences should be considered when undertaking telephone surveys using a White Pages sample.
Introduction
Those wishing to gather information from large groups of individuals have long turned to the telephone as a means of reaching a representative sample of the population. Telephone surveys have the advantage of cost efficiency and timeliness [1, 2] and generally achieve higher response rates than mail surveys [3] . The traditional sampling frame for such surveys is the telephone directory. However, although approximately 85% of Australians have a fixed line home telephone [4] , a growing number of households are not reachable through traditional directory-based samples, with an estimated 18% of Queensland households in 2004 [5] and 31% of South Australian households in 2008 not having a fixed line or mobile telephone number listed in the White Pages telephone directory [1] . This may largely be due to the fact that many people choose to only have a mobile telephone, and these numbers are only listed in the Australian directory if the owner requests it.
Excluding unlisted numbers from the sampling frame can have important implications for the representativeness of the final sample [6] and may result in certain subgroups of the population being omitted [7] . For example, people living in unlisted households have generally been reported to be younger, to live in metropolitan areas, and to reside in lower socioeconomic status areas than those in households with a telephone directory listing [1, 6, 8, 9] . In addition, studies conducted in South Australia and New South Wales have shown that those with an unlisted residential telephone number are more likely to have been born outside of Australia and to speak a language other than English [1, 10] . Important health and lifestyle differences have also been found, with those living in unlisted households more likely to be current smokers and less likely to report high blood pressure or cholesterol levels [11] .
The literature is, however, less consistent with regard to educational attainment. A South Australian study, for example, found that those in unlisted households were more likely to have achieved a higher educational level than those living in listed households [1] , while in New South Wales no significant difference between listed and unlisted 2 Epidemiology Research International households was observed in terms of educational attainment [10] . International studies have also reported inconsistent results in this regard, with unlisted Chicago residents being more likely to have a lower educational level [6] and those living in unlisted households in Germany being more likely to have received a tertiary education than those with a listed number [9] .
It is possible that differences in the characteristics of listed and unlisted households vary by country, and so local information is vital in order to ensure that researchers are not obtaining a biased sample. Although previous Australian studies have been published in this area [1, 8, 10, 11] , these have been limited to two states. One aim of the current study is therefore to investigate whether the proportion of listed and unlisted households differs between states, in an attempt to explore whether these earlier findings may be applicable to Australia as a whole. In addition, this study aims to investigate differences in terms of other demographic variables, including age, country of birth, and socioeconomic status, and to further explore the role of educational level in light of past inconsistent findings.
Materials and Methods
This study was conducted as part of the Australian Work Exposures Study (AWES), a nationwide telephone survey investigating the prevalence of occupational exposure to carcinogens in Australia. Ethics approval for this study was received from the University of Western Australia's Human Research Ethics Committee.
The sample for this study was randomly selected from a list of approximately 6 million Australian households supplied by a commercial survey sampling firm. This list consisted of household telephone numbers and address details which had been sourced from various public domain data sources. Both landline and mobile telephone numbers were available but we excluded mobile numbers from this paper because only 5% of the numbers were mobiles; mobile numbers tend to be an individual rather than a household sampling frame, and there are different processes for listing mobiles in the directory. Each telephone number was individually matched to the residential White Pages to determine its listed status. Where a number could not be matched, it was assigned to the unlisted group.
Telephone interviews were conducted with Australian residents aged between 18 and 65 who were currently in paid employment. The sample was stratified to approximate the distribution of the Australian work force by state and territory according to the Australian Bureau of Statistics Labour Force Statistics from March 2011 [12] . In addition, an attempt was made to recruit respondents in the gender ratio of two males to every female via the use of a modified interview request, whereby the interviewer asked to speak to a male in six out of seven telephone calls. If there was more than one person in the household of the required gender, the interviewer asked for the person who was next to have a birthday. Up to ten call attempts to each household were made before attempts at contact were terminated.
All interviews were conducted by trained interviewers, who gave a brief description of the study and obtained oral informed consent from the respondent. Demographic information collected from each respondent included age, gender, postcode of residence, country of birth, length of residence in Australia (if relevant), language most commonly spoken at home, and education level. Socioeconomic status (SES) and remoteness were determined by applying the Australian Bureau of Statistics Socio-Economic Indexes for Areas Index of Relative Socio-Economic Disadvantage (SEIFA IRSD; [13] ) and Australian Standard Geographical Classification Accessibility/Remoteness Index of Australia (ARIA+; [14] ) to each postcode of residence. The IRSD scores were grouped into quintiles for analysis, with the lowest quintile comprising the most disadvantaged areas.
Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using logistic regression in order to explore which demographic variables were associated with having an unlisted telephone number. Univariate analyses were carried out for each variable and then all variables were entered simultaneously to adjust for confounding. All analyses were conducted using Stata version 12 [15] .
Results
Of the 6,895 eligible households contacted, interviews were conducted with 5,023 respondents, resulting in a cooperation rate (completed interviews/eligible households) of 72.8%. After omitting mobile telephone numbers we were left with a sample size of 805 unlisted and 3972 listed fixed line numbers. When the demographic characteristics of listed and unlisted households were compared, respondents from unlisted households were significantly more likely to be aged under 35 and less likely to be aged over 50. They were also more likely to have been born in a country other than Australia and to live in a major city (Table 1) . Those with an unlisted number were also more likely to live in New South Wales and Western Australia as compared to Victoria.
In addition, although socioeconomic status was not associated with having an unlisted telephone number in the unadjusted analysis, when adjusted for all other demographic variables in the model, the relationship between having an unlisted number and living in a low socioeconomic status area became statistically significant. Similar results emerged for state, whereby living in Queensland was associated with having an unlisted telephone number in the adjusted analysis only.
In an attempt to further explore the role of country of birth, length of residence in Australia was also investigated. In multivariate analyses, adjusting for age, those residing in Australia for less than 10 years ( = 150) were 2.48 times (95% CI 1.66-3.69) more likely to have an unlisted number (29.7% of unlisted versus 11.4% of listed) than those who had resided in Australia for 10 or more years ( = 830; 70.3% of unlisted versus 88.6% of listed). 
Discussion
As traditional directory-based telephone surveys are likely to exclude those whose telephone numbers are not listed in the White Pages directories, it is important to understand how these individuals may differ from those with listed numbers. This study investigated the demographic differences between listed and unlisted households in the Australian working population, updating previous research conducted in two Australian states. In addition, this study further explored differences in terms of educational attainment, as past research has produced inconsistent findings in this regard.
In line with previous research, age and country of birth were significantly associated with having an unlisted telephone number [1, 6, 8, 10] . Specifically, respondents aged between 18 and 34 were more likely than those aged between 35 and 50 to have an unlisted number, while those aged over 50 were significantly less likely to live in an unlisted household. In addition, foreign-born respondents were 1.4 times more likely than Australian-born respondents to live in a household which was not listed in the White Pages. Education was not significantly associated with having an unlisted number. This is consistent with previous research conducted in New South Wales [10] but not with a South Australian study which found that those with an unlisted number were more likely to have attained a higher educational level [1] .
After adjusting for all other demographic variables, living in a low socioeconomic status area was also found to be significantly associated with having an unlisted telephone number, in line with past research [1] . Similarly, living in a major city was significantly associated with having an unlisted number, consistent with previous studies [1, 9] . Differences in the proportion of unlisted households were also found between the states, with those in New South Wales, Queensland, and Western Australia more likely to have an unlisted number than those in Victoria. Previous Australian studies have not looked at differences between states in terms of their listed status, although studies in the US have found differences in the proportion of unlisted households across districts [6] .
The results of this study show that an unrepresentative sample may be obtained if recruitment is limited to those with listed telephone numbers only. Young people are less likely to have a listed telephone number and young men in particular are a subset of the population from whom recruitment and participation in research is already difficult [16] . Similarly, people born outside of Australia, and particularly those arriving in recent years, are less likely to have a listed telephone number. Australia is a nation of migrants with one in four being born overseas [17, 18] . People from ethnic minority groups are as likely to participate in scientific research as those from majority populations [19, 20] , and therefore a sampling frame as wide as possible should be utilised.
The current results may be biased due to the potential nonrepresentativeness of the original sample, as well as those who agreed to participate. This is a limitation of using commercial samples, as the original sampling frame is somewhat unknown. However, the sample does reflect the distribution of listed and unlisted households in the general population, with a similar proportion of unlisted households found in this study (18%) as has been found in past research [10] . In addition, the cooperation rate observed in this study (72.8%) is very acceptable for a telephone survey, particularly in the context of declining response rates in epidemiological studies as a whole [21] . Further, this study aimed only to gain a representative sample of the working population, and so, generalisation of these results to the wider population may be inappropriate. This study may also be limited by the small numbers observed in some remoteness and state groups, meaning that results pertaining to these variables may need to be interpreted with caution. Additionally, the socioeconomic status measure we used was an ecological measure, rather than individual level, and this may be a potential source of bias in our results [22] .
Conclusions
The current study has shown important demographic differences between listed and unlisted households, supporting previous state-based findings on a national level. However, differences between states have also been found, indicating that these previous state-based studies may not be entirely generalisable to the Australian population as a whole. In conclusion, our results suggest that care should be taken when generalising findings from studies which exclude unlisted households, especially where the variables under study are thought to be associated with demographic variables such as age and country of birth [10] .
